Mushroom exposures are increasing worldwide. The incidence and fatality of mushroom poisoning are reported to be increasing. Several new syndromes in mushroom poisoning have been described. Rhabdomyolytic mushroom poisoning is one of new syndromes. Russula subnigricans mushroom can cause delayed-onset rhabdomyolysis with acute kidney injury in the severely poisoned patient. There are few reports on the toxicity of R. subnigricans. This report represents the first record of R. subnigricans poisoning with rhabdomyolysis in Korea, describing a 51-year-old man who suffered from rhabdomyolysis, acute kidney injury, severe hypocalcemia, respiratory failure, ventricular tachycardia, cardiogenic shock, and death. Mushroom poisoning should be considered in the evaluation of rhabdomyolysis of unknown cause. Furthermore, R. subnigricans should be considered in the mushroom poisoning with rhabdomyolysis. http://dx.doi. org/10.3346/jkms.2016.31.7.1164 • J Korean Med Sci 2016 31: 1164-1167 
INTRODUCTION
More leisure time for hobbies, hiking, and trekking has led to more mushroom exposures. Increased demands for unculti vated food or gastronomic delights have contributed to more mushroom poisoning. Amateur mushroom hunters occasion ally confuse toxic mushrooms with edible ones. Although se vere mushroom poisonings and fatalities remain infrequent, the proportions of fatal mushroom poisonings among confirm ed mushroom ingestions seems to be increasing (1) . In addition to increasing poisoning of known toxic mushroom, new mush room syndromes have been described (2, 3) . Russula subnigricans mushroom poisoning can be classified as delayedonset rhabdomyolytic syndrome. The severe patient with R. subnigricans mushroom poisoning was reported to present with rhab domyolysis, severe electrolyte disturbance (hyperkalemia, hy pocalcemia), acute renal failure, respiratory failure, pulmonary edema, ventricular tachycardia, and circulatory shock (4, 5) . In this case report, we present a patient poisoned by R. subnigricans mushroom complicated with rhabdomyolysis, acute kid ney injury (AKI), severe hypocalcemia, respiratory failure, ven tricular tachycardia, and cardiogenic shock, leading to death.
CASE DESCRIPTION
A 51year old man had a breakfast cooked with wild mushrooms that he had gathered one day earlier during summer vacation in August, 2010 at the Jujak mountain located on the province of Jeollanamdo, the southern area of Korea. He was a bus driv er. He had no particular past medical or social history other than the occasional ingestion of wild mushrooms during recreation al hiking. He was healthy before this admission. He did not have a history of trauma, infection, other known underlying cause, or medication use that could explain the occurrence of rhabdo myolysis. He shared the meal with his wife and son who did not eat any more mushrooms due to nausea after ingesting a single piece of mushroom. However, he ate the mushrooms without immediate symptom. Six hours later, he began to complain of vomiting, diarrhea, and myalgia. He visited a local hospital where his general condition worsened and systolic BP fell to 60 mmHg requiring dopamine treatment and endotracheal intubation. Twentyeight hours after ingestion of the mushrooms, he was transferred to the intensive care unit of our hospital. At the time of admission, he was alert, but acute illlooking. He complained of generalized myalgia, chest discomfort, palpitations, and dys pnea. Blood pressure was 80/56 mmHg, heart rate 121/min, re spiratory rate 25/min, and body temperature 36.3°C. Oliguria was noted with no response to intravenous fluid and furose mide. Systolic murmurs were present on auscultation. Labora tory tests showed the following: hemoglobin 15 The leftover samples of the mushrooms that he had ingested were sent to Agricultural Microbiology Division, National Acad emy of Agricultural Science, Rural Development Administra tion, Suwon, Korea. Those were identified as R. subnigricans by their gross morphology (Fig. 1) . Further examination by micros copy also confirmed the presence of spores from R. subnigricans.
DISCUSSION
The worldwide incidence of mushroom poisoning appears to be increasing due to increased human demands for uncultivat ed food or hallucinogenic mushrooms. The proportion of se vere and fatal mushroom poisonings among confirmed mush room ingestions has demonstrated statistically significant in creases. Deaths, although rare, occurred most commonly from the ingestion of Amanita species, primarily Amanita phalloides, in adult amateur mushroom hunters (1, 6) . In addition to increas ing poisons following ingestions of known species, formerly ed ible or new mushroom species are causing newly recognized syndromes from mushroom poisonings. Several new syndromes in mushroom poisoning have been described since the early 1990s (13): accelerated nephrotoxicity (nonorellanineinduced renal failure), erythromelalgia, rhabdomyolysis, and delayed neurotoxicity (convulsive or nonconvulsive encephalopathy).
Rhabdomyolysis is a new type of mushroom poisoning caused by ingestion of Tricholoma equestre (1,3,4,7) . Some of these cas es with rhabdomyolysis are associated not only with renal dys function and electrolyte disturbance (hyperkalemia, hypocalce mia), but also with respiratory and cardiac complications (ar rhythmia, cardiovascular collapse) leading to death (4) . Some other mushrooms are suspected to have a similar effect (810). An outbreak of Russula subnigricans poisoning with rhabdo myolysis occurred in Taiwan (5). The most severely ill patient presented with rhabdomyolysis, severe electrolyte disturbance (hyperkalemia, hypocalcemia), respiratory failure, acute renal failure, pulmonary edema, ventricular tachycardia, and circula tory shock. Japan has also experienced several cases of fatal poi soning with rhabdomyolysis caused by ingestion of this mush room (3, 11) . Russula species is found worldwide. R. eccentrica, R. nigricans and R. subnigricans have been recorded in Korea (12) . These are commonly found during the summer and fall in Korea. Poisonous R. subnigricans can be mistaken with nonpoi sonous, edible R. eccentrica and R. nigricans. R. subnigricans can be found associated with broadleaved evergreen tree habi tat which is present and restricted to the southern area of Kore an peninsula. This report of our case represents the first record of R. subnigricans poisoning with rhabdomyolysis in Korea.
Rhabdomyolysis, the dissolution of skeletal muscle, is a rare but potentially fatal condition. The common causes of rhabdo myolysis are trauma, exertion, muscle hypoxia, infections, body temperature changes, metabolic and electrolyte disorders, drug and toxins, and genetic defects. The incidence of rhabdomyoly sis in acute poisonings was the highest in poisonings with opi ates, pesticides, neuroleptics, anticonvulsants, and ethyl alco hol (13, 14) . In our case, severe rhabdomyolysis with AKI, severe hypocalcemia, respiratory failure, ventricular tachycardia, and cardiogenic shock were noted throughout the clinical course.
There was no history of trauma, strenuous exercise, seizures, and loss of consciousness. He had no particular past medical or drug history. There was no evidence of infections, hyperther mia or hypothermia, hypokalemia or hypophosphatemia. The possible cause of rhabdomyolysis after ingestion of the mush room may be the mushroom toxin, such as cycloprop2ene carboxylic acid, isolated from R. subnigricans. This compound may be responsible for fatal rhabdomyolysis as a toxic trigger for some biochemical reactions (10, 11) . The mechanism involv ed in the pathogenesis of rhabdomyolysis is depletion of ATP within the myocyte, leading to an unregulated increase in intra cellular calcium, resulting in disintegration of the myocyte. Hy pocalcemia noted in our case is a common complication of rhab domyolysis. It usually results from calcium entering the dam aged myocyte and from the precipitation of calcium phosphate in necrotic muscle. AKI is a potential complication of rhabdo myolysis. Intrarenal vasoconstriction, direct and ischemic tu bular injury, and tubular obstruction all may play a role in myo globininduced AKI (13) . R. subnigricans poisoning might in fluence cardiac function. Cardiogenic shock due to severe LV systolic dysfunction might be caused by the mushroom toxin (4, 5, 15, 16) . General management of mushroom poisoning is fluid resus citation, early gastric decontamination by both gastric lavage and multiple dose activated charcoal, and baseline laboratory assessment. Since mushroompoisoned patients often experi ence vomiting and diarrhea, emetics and cathartics are rarely indicated. Treatment should be directed by the patient's clini cal manifestation (1, 17) . The mushroom poisoning with rhab domyolysis is usually associated with volume depletion that is due to the sequestration of water in damaged muscles. There fore, the early, aggressive repletion of fluids is the main step of management. Hyperkalemia must be corrected promptly. How ever, early hypocalcemia should not be treated unless it is symp tomatic or unless severe hyperkalemia is present, since the cal cium load could increase the precipitation of calcium phosphate in necrotic muscle (13) . Continuous venovenous hemofiltra tion or hemodiafiltration has shown some efficacy in removing myoglobin (18) . However, the evidence is from case reports, and the effect on outcomes is unknown. Acute neuromuscular syndrome often requires seizure prophylaxis and ventilator sup port. If renal or hepatic function is worsening, patients should be transferred to the hospital equipped for hemodialysis and kidney or liver transplantation (1) . Intraaortic balloon counter pulsation can be considered as a final treatment option in the mushroom poisoning with cardiogenic shock (15) . Primary prevention of mushroom poisoning is to avoid consuming un cultivated mushrooms. Correct categorization and better un derstanding are essential for the safe and healthy consumption of mushrooms (19) . Since mushroom toxicity may be dosere lated, overconsuming mushrooms should be avoided (1) .
Mushroom poisoning should be considered in the evaluation of rhabdomyolysis of unknown cause. Furthermore, R. subnigricans should be considered in the mushroom poisoning with rhabdomyolysis. To confirm the exact diagnosis, leftover raw or cooked mushrooms should be collected and sent to a mycolo gist for gross and spore identification.
